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Abstract: The Staphylococcus aureus is often responsible for a number of diseases in humans and animals, and it 
is considered as a main etiological agent of bovine mastitis.  The pathogenicity of S. aureus is due to both its ability 
to resist antibiotics, and the production of toxins. This study investigated virulence genes, prevalence and antibio-
gram profile of S. aureus isolated from dairy cows suffering from mastitis in the Kashmir. A total of 70 S. aureus  
isolates were obtained from 250 mastitic milk samples collected from both organized (47/150) and unorganized 
(23/100) dairy farms. Five pathogenic factors including clfA, hld, seo, lukM, and coa and one resistance gene 
mecAgene were checked through PCR. Clumping factor gene (clfA) was found in most of the isolates with a  
percentage of 81.42 % whereas, hld, seo, lukM, and coa were present in 61.2, 54.28, 70, and 71 percent of isolates, 
respectively. However, amplification of coagene yielded DNA bands of two different sizes. A high percentage of  
antimicrobial resistance rates were observed, wherein, Ampicillin showed highest resistance with 85.7 %, followed 
by Kanamycin, Cefotaxime, Sulphadizine and Streptomicin showing 71.42 %, 54.28 %, 51.48 % and 42 %, respec-
tively. A high frequency of Methicillin resistant S. aureus (MRSA 28.57 %) was observed in these isolates and all 
methicillin resistant isolates were found to be positive for mecA gene via PCR amplification. These results revealed 
that mastitis-associated S. aureus among bovines of Kashmir is able to accumulate different virulence factors and 
resistance to antimicrobials, making the treatment of infections difficult. 
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INTRODUCTION 
India is the largest milk producer of the world produc-
ing 121.8 million tons of milk per annum from 199.1 
million cattle and 105.3 million buffaloes which  
accounts for about 17 per cent of total global produc-
tion (NDDB, 2012). Despite the high growth rate in 
production, the average milk yield of cows and buffa-
loes has remained low. One of the main reasons for 
low productivity of milk is mastitis, which is single 
largest problem in dairy animals in terms of economic 
losses in India. In India overall losses due to mastitis is 
estimated at Rs. 7165.51 crores (Bansal and Gupta, 
2009). It is reported that the annual economic losses 
due to bovine mastitis has increased 114 folds in about 
4 decades from 1962 (INR 529 million/annum) 
(Dhanda and Sethi., 1962) to 2001 (INR 60532  
million/annum) (Dua, 2001).  
S. aureus has a capacity to produce a large number of 
potential virulence factors, including a variety of exo-
toxins and cell surface-associated proteins (Kalorey et 
al., 2007). The identification of virulence factors is an 
important step in elucidation of disease process. The 
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pathogenic potential of S. aureus depends on numerous 
cell surface virulence factors and it has capability of 
producing a variety of exotoxins and cell surface-
associated proteins that enhances the cellular attach-
ment, organism invasion to host immune system and 
stimulation of toxic tissue reactions (Hussain et al., 
2012). S. aureus secretes various cytotoxins like leuko-
cidins and haemolysins which are responsible for the 
lesions observed during the development of the infec-
tion (Dinges et al., 2000). 
In addition to the virulent factors the evolution of anti-
biotic resistance in S. aureus strains is a serious cause 
of concern in dairy animals (Wang et al., 2008). The  
S. aureus acquires antibiotic resistance with remarka-
ble proficiency (Booth et al., 2001). Strains of  
S. aureus resistant to β-lactam antibiotics are known as 
methicillin-resistant S. aureus (MRSA). These strains 
in intra-mammary dissemination often produce incura-
ble severe intra-herd infections (Kumar et al., 2010). 
The MRSA strains have been observed to be multi-
drug resistant, especially to aminoglycosides, macro-
lides, lincosamides, streptogramins, tetracyclines, 
 894 
which are often used in the treatment of mastitis 
(Kumar et al., 2010). The transmission of bovine 
MRSA to humans is possible and may contribute to 
outbreaks in human populations (Lee, 2003).  
The identification and characterization of virulence 
factors of S. aureus causing bovine mastitis will en-
hance our understanding of the pathogenesis of intra-
mammary infection. In addition, the antibiogram of S. 
aureus needs to be studied which would indicate the 
pattern of resistance to various antibacterials contrib-
uting to their virulence properties. These may in turn 
contribute to the development of methods to minimize 
the production losses due to mastitis. Further, the study 
of evolution of strain-specific transmission and viru-
lence characteristics including antibiotic resistance in 
S. aureus isolated from bovine mastitis may help us to 
understand mechanisms behind emergence of new 
strains or shifts in mastitis epidemiology in response to 
control measures, including antibiotic treatment and 
vaccination. Keeping in view the above facts the ob-
jective of this study was to determine the genotypic 
characterization and antibiogram of S.aureus isolated 
from milk of cows suffering from mastitis in Kashmir. 
MATERIALS AND METHODS 
Sample collection: A total of 250 mastitic milk sam-
ples were collected from organised and unorganized 
farms in Kashmir. The samples were collected in ster-
ile test tubes and brought to the laboratory on ice in a 
cool box and processed within two hours of collection. 
Isolation and confirmation: For isolation, samples 
were inoculated in nutrient broth and incubated at 37 °
C for 24 hr. Enriched samples were streaked on nutri-
ent agar (Himedia) plates and the plates were incubat-
ed at 37 °C for 24-48 hr. After incubation suspected 
colonies were sub cultured on the nutrient agar until 
they were free from contaminating bacteria. After in-
cubation suspected colonies were sub cultured onto 
Mannitol salt agar (Himedia) and incubated for 24 to 
48 hrs and examined for bacterial growth and typical 
colour change of media. Isolates were further exam-
ined by conventional methods including colony mor-
phology, Gram's staining and biochemical tests to as-
certain their identity as S. aureus. 
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Table 1.  Details of Primers used  for amplification of virulence genes of  Staphylococcus  aureus. 
Gene Primer Sequence Product Size Refrence 
nuc F-GCGATTGATGGTGATACGGTT 
R-AGCCAAGCCTTGACGAACTAAAGC 
270bp Brakstadet al. (1992) 
clfA F-AAAACACGCAATTCGAAAA 
R-GCAGTTGAAGTTACACCATTTAAGT 
855bp Isabelle et al. (2011) 
lukM F-CGAGACCAAGATTCAACAAG 
R-AAAGAAAACCACTCACATCA 










Isabelle et al. (2011) 
mecA F-GGGATGGCTTAATAACTCATACTT 
R-CAGAGATGTGATGGAAAATAGTTGA 
310bp Haran et al. (2012) 
hld F-GGGATGGCTTAATAACTCATACTT 
R-CAGAGATGTGATGGAAAATAGTTGA 
236bp Isabelle et al. (2011) 
Fig. 1.  Agarose gel electro-
phoresis PCR amplification 
of nuc gene.  Lane 1 and 2: 
Positive samples, Lane 3: 
Negative control, Lane 4: 
Positive control, Lane 5: 100 
bp DNA Marker. 
Fig. 2.  Agarose gel electro-
phoresis PCR amplification 
of  mecA gene Lane 1: Posi-
tive control, Lane 2: Positive 
sample, Lane 3: Negative 
control, Lane 4: 100 bp DNA 
Marker. 
Fig 3.  Agarose gel electro-
phoresis PCR amplification 
of lukM gene Lane 1: Positive 
samples, Lane 2: Negative 
control, Lane 3: Positive 
control, Lane 4: 100 bp DNA 
Marker. 
Fig. 4. Agrose gel electro-
phoresis of PCR amplicon of 
coagene of S. aureus iso-
lates. Lane 1:Negative con-
trolLane 2:Positive control 
for coa(710bp), Lane 3: 
Positive for coa(970 bp), 
Lane 4: DNA marker Lane, 
5: Negative control Lane,6: 
Sample positive for coa(970 
bp), Lane 7: Sample positive 
for coa(710 bp).  
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DNA isolation: The template DNA was prepared by 
boiling and snap chill method. Briefly, purified indi-
vidual colony from Mannitol Salt Agar (Hi-Media, 
India) was dissolved in 150 µl sterile double distilled 
water in microcentrifuge tubes. The tubes were kept in 
water bath set at 100 0C for 10 min and then in crushed 
ice for 20 min. The tubes were then centrifuged at 
10000 g for 5 min and the supernatant collected was 
used as template. The concentration and purity of the 
extracted DNA was checked using spectrophotometer 
and stored at -20 °C until use. 
Identification of S. aureus by using species specific 
PCR: The isolates identified by cultural and biochemi-
cal methods as S.aureus were genetically confirmed by 
amplification of species specific nuc gene by PCR 
using Forward 5'GCGATTGATGGTGATACGGTT3' 
and Reverse 5'AGCCAAGCCTTGACGAACTAAA-
GC3' primers (Brakstadet al., 1992). The reaction con-
sisted of 2.0 µl template DNA,  2.5 µl of 10X buffer, 
0.2 µl of 25mM dNTP mix, 1 U of Taq DNA Polymer-
ase (Fermentas Life Sciences), MgCl2  was used at 2.0 
mM concentration and sterile distilled water. Amplifi-
cation was carried out with initial denaturation at 94 ºC 
for 5 min, followed by 35 cycles of denaturation at 94 
ºC for 1 min, annealing at 55 ºC for 30 sec, extension 
at 72 ºC for 1 min and final extension at 72 ºC for 7 
min. 
Virulence gene detection: DNA amplification of viru-
lence genes encoding forclumping factor (clfA), delta 
haemolysin (hld), leukocidin (lukM),  enterotoxin O 
(seo), coagulase (coa), and methicillin resistance gene 
(mecA) was carried out using PCR.  Details of oligonu-
cleotide primers used in the present study are men-
tioned in Table 1. All the reactions were performed in 
a final volume of 25 μl of mixture containing 2.5µl of 
10X PCR buffer, 2 µl of 25mM Mgcl2, 25 mM of each 
of dNTP, 20 pmol of each gene-specific primers, 1 U 
of TaqDNA Polymerase (Fermentas Life Sciences) and 
2μl of template. The cyclic conditions for each reaction 
are given in Table 2. The PCR assays were performed 
in Gene Amp PCR System 2400 thermal cycler 
(Applied Biosystems, Foster City, CA, USA). 
Visualization of amplicons: Amplified products were 
electrophoresed in a 1-1.5 % agarose gel containing 
ethidium bromide and visualized by trans-illumination 
under UV and photographed with Gel Documentation 
System (BioSpectrum 500 Imaging System, UVP, 
UK). 
Antibiogram: Antimicrobial Susceptibility testing of 
the bacteria was performed with 15 antibiotics with 
disc diffusion method on Muller-Hinton agar accord-
ing to the guidelines of Clinical and Laboratory Stand-
ards Institute (CLSI., 2008).  The following antimicro-
bials obtained from HiMedia, (Mumbai) were used:  
Chloramphenicol (30 mcg),  Gentamicin (30 mcg), 
Vancomycin (10 mcg) Cefotaxime (30 mcg),  Amox-
ycillin with Clavulanic acid (30/10 mcg) Oxytetracy-
cline (10 mcg)  Kanamycin (30 mcg),  Erythomycin (5 
mcg),  Amikacin (10 mcg), Ampicillin (2 mcg),  Sul-
phadiazine (300 mcg), Ceftriaxone (30 mcg),  Strepto-
mycin (10 mcg), Enrofloxacin (5 mcg) and Methicillin 
(10 mcg). The S. aureus ATCC 25923 was used as a 
quality control standard. The interpretation of the iso-
lates as sensitive, intermediate sensitive and resistant 
was carried out as per the manufacturer’s instructions. 
RESULTS AND DISCUSSION 
Prevalence of S. aureus strains in bovine mastitis: 
Among 250 samples collected, 70 isolates revealed 
colonies typical for S. aureus which were later con-
firmed by PCR amplification of the nuc gene which 
produced an amplicon of 270 bp (Fig. 1). The S. aure-
us infection was more prevalent in unorganized farms 
which accounted to be 31.33 % in contrast to orga-
nized farms which accounted for 23 %.  
Virulence genes: PCR amplification of clfAgene  
resulted in single amplicon of 855 bp for 57 S.aureus 
isolates (Fig. 5). However, in case of coagene, 50 sam-
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Table 2. Cyclic conditions for PCR amplification  of S. aureus virulent genes. 
Gene Initial Denaturation Denaturation Annealing Extension Final Extension No. of cycles 
clfA 94ºC/5 min 94ºC/30 sec 52ºC /40 sec 72ºC /40 sec 72ºC / 7 min 35 
hld 94ºC /5 min 94ºC / 30 sec 52ºC / 40sec 72ºC /40 sec 72ºC /7 min 35 
Seo 94ºC / 5 min 94ºC / 30 sec 52ºC /40 sec 72ºC /40 sec 72ºC / 7 min 35 
lukM 94ºC /5 min 94ºC /30 sec 52ºC / 40sec 72ºC /40 sec 72ºC / 7 min 35 
mecA 94 ºC / 5min 95ºC /30sec 57ºC /30sec 72ºC/1min 72ºC /5min 30 
coa 95ºC / 2min 95ºC/ 30sec 58ºC/ 2min 72ºC / 4 min 72ºC /7min 40 
Fig. 5. Agrose gel electrophoresis of PCR amplicon of clfA, 
hld, and seogene of S. aureus isolates. Lane 1: DNA marker,  
Lane 2:  Sample Positive for hldgene(236 bp), Lane 3: Sam-
ple Positive for seogene(300 bp) and  Lane 4:  Sample posi-
tive for clfAgene(855 bp). 
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ples were positive and yielded two different products 
of 910 bp and 730 bp for 38 and 12 isolates respective-
ly (Fig. 4). Amplification of hld gene produced an 
amplicon of 236 bp in 43 isolates (Fig. 5) and 49 iso-
lates showed an amplicon of 792 bp for lukMgene 
(Fig. 3). Amplification of seo gene yielded an am-
plicon of 300 bp for 38 isolates (Fig. 5). A total of 20 
out of 70 isolates possessed mecAgene by depecting an 
amplicon of 310 bp (Fig. 2). 
Antibiogram: A wide range of susceptibility to anti-
microbials was observed among S. aureus isolates. Out 
of  the 70 isolates 94.28 % were sensitive to a combi-
nation of  Amoxicillin and clauvinic acid. This was 
followed by Chloramphenicol (91.4 %), Vancomycin 
(88.57 %), Gentamycin (84.2 %), Ceftriaxone (82.8 
%),  Methicillin (72.85 %), Cephalexin (68 %), Ami-
kacin (61.42 %) Enrofloxacin (60 %), Oxytetracycline 
(62.8 %). High resistance was recorded against Ampi-
cillin (85.7 %) which was followed by Kanamycin 
(71.42 %) Cefotaxime (54.28) and Sulphadizine 
(51.48), Streptomicin (42 %). (Fig 6)  Twenty isolates 
were found to be methicillin-resistant, while the re-
maining (50) were methicillin-susceptible. All the 
MRSA isolates were positive for mecA gene. 
Worldwide, mastitis has been reported to be one of the 
most common infectious disease affecting dairy cows 
and the most economically important disease of dairy 
industry. Since S. aureus is the most frequently isolat-
ed agent in mastitis cases all over the world, it is im-
portant to reveal virulence factors helping in pathogen-
esis and antimicrobial resistance pattern of the organ-
ism to develop effective control strategies against mas-
titis caused by S. aureus. The present study was there-
fore focused to detect some of the virulence factors 
and susceptibility pattern of the S. aureus isolated 
from bovine mastitis milk samples in Kashmir prov-
ince.  S. aureus are classically identified by conven-
tional methods that are time consuming and expensive 
and they leave a situation of ambiguity because of 
variability showed by different strains. More recently, 
PCR based methods involving amplification of species
-specific genes, like nuc gene have been used for iden-
tification of S. aureus. The nuc gene based PCR has 
been widely used for identification of S. aure-
us .Yamagishiet al. (2007)  and Kuzma et al. (2003)  
have used nuc gene amplification as a tool for the iden-
tification of S. aureus in mastitic milk.  
In the present study seventy samples were positive for 
S. aureus, indicating an occurrence of 28 % bovine 
mastitis in Kashmir Valley.  Ranjan et al. (2011) has 
reported occurrence of 27.37 % for S. aureus from 
bovine mastitis in Jharkhand, India andBotrelet al. 
(2010) has reported a prevalence of 30.2 % for S. aure-
us from clinical and subclinical mastitic dairy cows in 
Rhone-Alpes, France.  The reports suggest high preva-
lence pattern of S.aureus in bovine mastitic milk in 
India and abroad. 
The binding of an organism to the host cell is an im-
portant factor for pathogenesis. The ability of S. aureus 
to adhere to extracellular matrix proteins is thought to 
be essential for colonization and establishment of in-
fections (El.sayed et al., 2005). Presence of 57 positive 
clfA samples indicates probable important role of these 
elements in the pathogenicity of bovine mastitis. Simi-
larly, more than 50 % of the isolates studied were positive 
forlukM gene which is highly cytotoxic on bovine neutro-
phils (Barrio et al., 2006). It’s a family of pore-forming 
toxins which may be involved with escape from the phag-
osome after phagocytosis and intracellular survival, which 
is an important trait for the maintenance of S. aureus in-
tramammary infection (Dego et al., 2002).  
In the present study, screening of S. aureus isolates for 
the presence of coa virulence gene has revealed that 50 
of the 70 (71.4 %) isolates carried the gene. All the 
positive isolates showed a single amplicon but of two 
different sizes, 970 bp and 730 bp. This finding is in 
agreement with that of Momtaz et al. (2011), who car-
ried out coa gene amplification from bovine mastitic 
samples. From 86 S. aureus isolates, they found 31 
isolates to amplify 970 bp fragment, and 11 isolates to 
amplify 730 bp through PCR amplification. Analysis 
of coagulase-encoding Staphylococcus aureus DNA 
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Fig. 6.  Graphical representation of antibiotic sensitivity/resistance pattern of Staphylococcus aureus isolates 
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(coa) genes has demonstrated variable sequences in the 
32 -end coding region. This region contains a polymor-
phic repeat region that can be used to differentiate 
S.aureus isolates (Guler et al., 2005).  
During the progression of infection, S.aureus can pro-
duce superantigenic toxins including staphylococcal 
enterotoxins (SEs), their interest reside  not only in 
their potential role in staphylococcal diseases by mod-
ulating the host immune response contributing to 
maintain a suitable environment for colonization 
(Omoe et al., 2002)  but also in their ability to cause 
food poisoning. The fact that 38 isolates (54.28 %) in 
this study harbored this super antigenic gene suggests 
that mastitis due to S.aureus might represent a risk for 
human health due to presence of these enterotoxins in 
milk.  
In the present investigation, 61 % of the isolates pos-
sessed hldgene. Contrary to this in Finland and Spain, 
Haveri et al., (2007) and Fueyo et al., (2005)  found 
hld gene present in 88.8 % and 84 % of S. aureus iso-
lates of bovine mastitis, respectively. Delta haemolysin 
is recognized to have detergent action on cell mem-
branes resulting in cell lysis (Marconi et al., 2005). 
Emergence of antimicrobial resistance among animal 
pathogens is of growing concern in veterinary medi-
cine as it renders antimicrobials ineffective for treating 
the animals. In addition, the antimicrobial resistance in 
zoonotic pathogens, like S. aureus possess a potential 
risk for human health too. In Methicillin resistant  
S. aureus (MRSA), the resistance to antibiotics is 
caused by an altered penicillin-binding protein, which 
makes it resistant to all β-lactam antimicrobials. The 
mecA gene encodes for this protein and is therefore 
widely used to identify MRSA. S. aureus isolates were 
screened for mecA gene by PCR and it was found that 
28.57 % were positive for the gene. All the isolates 
which were positive for mecA gene were phenotypical-
ly resistance to methicillin, whereas sensitive and  
intermediate sensitive isolates for methicillin were 
devoid of the mecA gene. 
The antibiogram profile in the present study indicated 
that Amoxicillin with Clauvinic acid, Chlorampheni-
col, Vancomycin, Gentamycin, were most effective 
antimicrobials, whereas Ampicillin, Kanamycin, Cefo-
taxime,  Sulphadizine and  Streptomicin  was least 
effective against S. aureus. Majority of investigators 
have presented different results, but some agreement 
has also been found with present study Turutoglu et al. 
(2006) and Malinowski et al. (2008) reported  97.4 % 
and 93.2 % of S. aureus isolates sensitive to amoxicil-
lin and clavulanic acid, respectively. LI et al. (2009) 
and Khakpoor et al. (2011) recorded maximum re-
sistance to ampicillin in S. aureus isolates from bovine 
mastitis. The long indiscriminate use of Ampicillin 
would have been responsible for development of re-
sistance towards this antibiotic (Gitau et al., 2011) 
whereas the Amoxicillin with Clauvinic acid antibiotic 
is relatively less used for treating mastitis (Horodyska 
et al., 2012) and thus most effective. The regular mon-
itoring of antimicrobial susceptibility of S.aureus will  
not only result in the use of right antibiotic for control 
of S.aureus infections but will also help in avoiding 
the development of multiple drug resistant strains of 
S.aureus. Same is also true for all other microbes in-
volved in various diseases and infections in humans 
and animals. 
Conclusion 
To our knowledge, this is the first report of genotypic 
characterization and antibiogram in Staphylococcus 
aureus strains isolated from bovine mastitis in Kash-
mir. Parameters of this study suggest that there is a 
broad distribution of closely related S. aureus clones 
which are responsible for the mastitis situation in 
Kashmir. Difference found in the gene patterns and 
antibiogram provided a better understanding of the 
distribution of the prevalent S.aureus clones among 
bovine mastitis isolates. Therefore, determining the 
virulence gene profile and antibiogram of S.aureus 
isolates from bovine mastitis will be helpful in devis-
ing strategies for therapeutic intervention and control 
of mastitis. 
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